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Abstract — This paper reviews the major contributions to the 
systematic conservation planning in landscape with Marxan 
software throughout a 11-year period from 2005 up to 2015. 
After surveying many papers in this field, the volume of the 
existing works is identified and classified. The paper 
summarizes all of the reviewed papers in two tables. These 
tables determine the region of study, year of study, selected 
information for planning, and main contributions in papers. The 
socio-economic information along with the biophysical 
information is considered in the majority of papers for planning, 
which shows the vital function of this information for decision. It 
is also demonstrated that more attention is paid to systematic 
conversation planning using toolboxes based on optimization 
algorithm such as Marxan in recent years. It concludes with 
comparative graph demonstrating the frequency of applying 
Marxan software in systematic conservation planning in 
landscape. So, it can be used as a guideline for researchers in this 
field. 

Index Terms — Chronological, MARXAN, protected area (PA), 
Systematic conservation planning. 


I. Introduction 

Preserving wildlife habitats and populations is performed by 
the protection of representative natural areas. It is impractical 
to expect protection for all places to conservation 
biodiversity, because it would essentially need the protection 
of the entire planet. The prioritization of sites and then 
selection of the most representative areas for protection are 
the suitable alternative to solving this problem [1, 2]. The 
determined areas should meet the overall goals of systematic 
conservation planning such as representativeness and 
persistence [3]. Currently, most of the protected areas have 
been chosen by a non-systematic approach. The selection of 
such areas is powered by economic and political 
considerations which are not totally based on their ecological 
value. The economic value of many of these areas is relatively 
low. The goals and criteria for protection usually differ from 
the goals of the residents of candidate sites or their periphery 
for protection [4]. Considering all the criteria and goals as 
well as selecting the largest, most complete, and most 
integrated areas for protection are the best approach [5]. 
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Several systematic approaches are introduced to aid the 
selection of a network of biologically diverse protected areas 
[6]. Using artificial intelligence is one of these approaches. 
Computer algorithms are employed by this approach to 
calculate objective functions and find the best network of 
areas to be protected and these areas have a high conservation 
value [4]. The optimal and heuristic algorithms are main types 
of site selection algorithm. The complex mathematical 
processes (linear programming) which are used by optimal 
algorithms against heuristic algorithms use a simple 
procedure to obtain optimal solutions [7]. The selection of the 
protected area is performed by several heuristic algorithms. 
One of the most common heuristic algorithms for 
optimization and spatial arrangement of suitable sites is 
simulated annealing (SA) [8]; this algorithm has a 
multi-dimensional space which is described in terms of 
objectives and different options are generated that 
accommodate multi-dimensional goals. At last, areas that 
meet the objectives are chosen [5]. This algorithm is used in 
scientific software named Marxan [9] for determining the 
priority of protected areas and spatial management of sites. 
Marxan is the most widely used conservation planning 
software in the world and is provided for solving complex 
conservation planning problems in landscapes and seascapes. 
Marxan provides a flexible approach capable of incorporating 
large amounts of data and using categories. It is 
computationally efficient and lends itself well to enabling 
stakeholder involvement in the site selection process [9], 

This paper reviews the works in which Marxan software is 
used as a tool for systematic conservation planning in 
landscape. 

II. Application of Marxan for systematic 

CONVERSATION PLANNING 

There has been limited assessment of the sensitivity of 
conservation planning outcomes to uncertainty associated 
with the datasets used for conservation planning. Predicted 
species distribution data are commonly used for conservation 
planning because the alternatives (e.g. survey data) are 
incomplete or biased spatially. The reference [10] assesses 
the sensitivity of conservation planning outcomes to different 
uses of predicted species distribution data by Marxan tool. 
The resulting reserve networks differed, and had different 
expected species representation. 

The reference [11] used empirically derived landscape 
suitability models for the spotted owl and the fisher to 
evaluate the overlap in habitat suitability for these two old 
forest-associated predators in an area of northern California 
affected by the Northwest Forest Plan (NWFP), a bioregional 
conservation plan. The area includes designated Wilderness 
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areas and new reserves (Late-Successional Reserves, LSRs) 
established under the NWFP. This paper used the site 
selection algorithm Marxan to identify priority habitat areas 
for each species, and for both combined, and to compare these 
areas with reserves. The reference [12] introduces a 
systematic reserve design analysis in Florida based on a 
simulated annealing site selection algorithm using Marxan 
software. The analysis considered conservation needs for a 
variety of natural resources including species, natural 
communities, high quality watersheds, wetlands, and 
sustainable forestry. The reference [13] present a systematic 
reserve selection for 1654 African mammals and amphibians 
that uses habitat suitability models as estimates of the area 
occupied by each species. These are based on the geographic 
range and habitat preferences for each species. It performed 
the reserve selection analysis with the software Marxan. In 

[14] is compared the irreplaceability of sites for protecting 
ecosystems within the Brigalow Belt Bioregion, Queensland, 
Australia, using two alternative reserve system design tools, 
Marxan and C-Plan. It set Marxan to generate multiple 
reserve systems that met targets with minimal area; the first 
scenario ignored spatial objectives, while the second selected 
compact groups of areas. Marxan calculates the 
irreplaceability of each site as the proportion of solutions in 
which it occurs for each of these set scenarios. The reference 

[15] introduced a conservation assessment for Maputaland, 
part of a biodiversity hotspot in southern Africa that is also the 
focus of the Lubombo Transfrontier Conservation Area 
(TFCA) initiative between South Africa, Mozambique and 
Swaziland. The TFCA seeks to establish new state-, private- 
and communally-managed conservation areas to boost 
economic development through nature-based tourism and 
game ranching. The assessment will guide the TFCA process 
and used a systematic conservation planning approach by 
Marxan to design a landscape to conserve 44 landcover types, 
53 species and 14 ecological processes. 

The reference [16] identified priority areas for avian 
biodiversity within a 3200-km corridor from Yellowstone 
National Park in Wyoming, US to the Yukon in Canada. This 
paper applied the conservation planning tool, Marxan, to 
summarize 21 avian values. Marxan minimizes the area 
delineated, while simultaneously incorporating multiple 
criteria (species richness representation, spatial clustering) 
and biodiversity targets into a single mappable solution. The 
reference [17] examined the relative merits of static and 
dynamic (floating) protected areas for the conservation of 
American marten (Martes americana) habitat in a dynamic 
boreal forest of Quebec (Canada). Forest dynamics were 
modeled using a spatially-explicit landscape disturbance 
model and protected areas were selected based on the quality 
and compactness of marten home ranges using Marxan. 
Geographic Information tools (GI tools) have become an 
essential component of research in landscape ecology. The 
reference [18] review the use of GIS (Geographic Information 
Systems) and GI tools in landscape ecology, with an emphasis 
on free and open source software (FOSS) projects. 
Specifically, we introduce the background and terms related 
to the free and open source software movement such as 
Marxan, and then compare eight FOSS desktop GIS with 
proprietary GIS to analyze their utility for landscape ecology 
research. This paper also provides a summary of related 
landscape analysis FOSS applications, and extensions. The 


reference [19] develops two approaches to identify areas 
important for the conservation of biodiversity in terms of both 
wilderness quality and biodiversity representation, using 
Australia as a case study. The first approach aims to achieve 
biodiversity representation goals in areas with intact native 
vegetation. The results of this approach would be extremely 
expensive to implement as they require a large portion of 
land. The second approach aims to achieve biodiversity 
representation goals anywhere across the landscape while 
placing a strong emphasis on identifying spatially compact 
intact areas. The analysis is performed by Marxan tool. The 
reference [20] proposes a conceptual structure for exploring 
the consequences of input uncertainty and oversimplified 
approximations to real-world processes for any conservation 
planning tool or strategy. This paper then present a 
computational framework based on this structure to 
quantitatively model species representation and persistence 
outcomes across a range of uncertainties. 

These include factors such as land costs, landscape structure, 
species composition and distribution, and temporal changes 
in habitat. This paper demonstrate the utility of the framework 
using several reserve selection methods including simple 
rules of thumb and more sophisticated tools such as Marxan 
and Zonation. The reference [21] propose a protocol for 
integrating the assessment of freshwater and terrestrial 
priorities in conservation planning, based on a case study 
from Mpumalanga Province in South Africa. The approach 
involves the separate assessment of freshwater priority areas 
by Marxan, and using the outcome to influence the selection 
of terrestrial priority areas. This allowed both freshwater and 
terrestrial biodiversity to be incorporated in conservation 
planning without compromising their unique requirements. 
Using systematic conservation planning principles, the 
reference [22] map the spatial components of biodiversity 
processes (SCBPs) and use these to design broad-scale 
conservation corridors for Reunion Island. This paper method 
is based upon a literature review, expert knowledge, spatially 
explicit base data, conservation planning software, and spatial 
modeling by Marxan. We combine a target-driven algorithm 
with least-cost path analyses to delineate optimal corridors for 
capturing key biodiversity processes while simultaneously 
considering biodiversity pattern targets, conservation 
opportunities, and future threats. The reference [23] presents 
the freshwater component of the spatial assessment, aimed at 
identifying focus areas for expanding the national protected 
area system for the benefit of river biodiversity. Conservation 
objectives to guide the assessment aimed to improve 
representation of river biodiversity pattern and processes in 
both new and existing protected areas. 

Data to address these objectives were collated in a 
Geographic Information System (GIS) and Marxan was used 
as a means of integrating the multiple objectives in a spatially 
efficient manner. Representation of biodiversity pattern was 
based on achieving conservation targets for 222 river types 
and 47 freshwater fish endemic to South Africa. The reference 
[24] evaluated how four conservation scenarios complied 
with the principles of systematic conservation planning and 
analyzed their representativeness, efficiency, and 
complementarily using 17 vegetation classes as surrogates for 
regional biodiversity in brazil. It used MARXAN (systematic 
conservation planning software) to determine the value of the 
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habitat types protected by each conservation scenario. 
Historic land use practices have dramatically altered 
landscapes across all scales, homogenizing them and 
restricting opportunities for humans and wildlife. The need 
for multifunctional landscapes which simultaneously provide 
food security, livelihood opportunities, maintenance of 
species and ecological functions, and fulfill cultural, aesthetic 
recreational needs is now recognized. Numerous theoretical 
and technical tools have been developed to understand 
different landscape elements such as Marxan, in particular the 
emerging research area of ecosystem services. A brief review 
of these tools in [25] not only shows considerable growth and 
opportunity, but also serves to highlight a lack of research 
integration and a lag in implementation. The reference [26] 
introduce a simple new index, “fraction-of-spare,” that 
satisfies all the axioms. For single-species site prioritization, 
the fraction-of-spare(s) of a site equals zero if this site has no 
habitat for the species and one if this site is essential for 
meeting the target area for the species. In-between those limits 
it is linearly interpolated, and equals area (,v)/(total area - 
target). In an evaluation involving multi-year scheduling of 
site acquisitions for conservation of forest types in New South 
Wales under specified clearing rates, fraction-of-spare 
outperforms 58 existing prioritization indices. 

This paper also compute the optimal schedule of acquisitions 
for each of three evaluation measures (under the assumed 
clearing rates) using integer programming, which indicates 
that there is still potential for improvement in site 
prioritization for conservation scheduling. The results are 
compared to results of Marxan tool. The reference [27] used 
simulation procedures to analyze the effects of using different 
types of distribution data on the performance of reserve 
selection algorithms in scenarios using different reserve 
selection problems, amounts of species distribution known, 
conservation targets and costs. To compare these scenarios 
the paper used occurrence data from 25 amphibian and 41 
reptile species of the Iberian Peninsula and assumed the 
available data represented the whole truth. The Marxan tool is 
used for simulation of scenarios. The paper then sampled 
fractions of these data and either used them as they were, or 
converted them to modeled predicted distributions. This 
enabled to build three other types of species distribution data 
sets commonly used in conservation planning: “predicted”, 
“transformed predicted” and “mixed”. 

The results of paper suggest that reserve selection 
performance is sensitive to the type of species distribution 
data used and that the most cost-efficient decision depends 
most on the reserve selection problem and on how much there 
are of the species. The reference [28] extends a widely-used 
selection algorithm, Marxan, to incorporate several important 
considerations related to biodiversity processes and 
management. First the paper relaxes the scorched earth 
assumption to allow conservation features in non-reserve 
zones to contribute explicitly to conservation objectives. To 
achieve this, the paper generates conservation targets at 
landscape scales rather than focusing purely on the 
representation of features within reserves. Second, it develops 
the notion of spatial dependencies further to incorporate 
spatial heterogeneity in the value of individual conservation 
features such as habitat types. Using a case study for the 
Belize Barrier Reef and by Marxan tool, this paper compare 


reserve networks generated using proposed new approach 
with the results of traditional analyses. The reference [29] 
considers participatory modeling to integrate biodiversity 
conservation into land use planning and to facilitate the 
incorporation of ecological knowledge into public decision 
making for spatial planning. Reunion Island has experienced 
rapid urban and agricultural expansion, which threaten its 
unique biodiversity. This context designed three participatory 
modeling sequences, involving overall 24 multidisciplinary 
researchers and stakeholders. The simulation results are 
derived by Marxan tool. Conservation actions frequently need 
to be scheduled because both funding and implementation 
capacity are limited. Two approaches to scheduling are 
possible. Maximizing gain (MaxGain) which attempts to 
maximize representation with protected areas, or minimizing 
loss (MinLoss) which attempts to minimize total loss both 
inside and outside protected areas. Conservation planners also 
choose between setting priorities based solely on biodiversity 
pattern and considering surrogates for biodiversity processes 
such as connectivity. 

The reference [30] address both biodiversity processes and 
habitat loss in a scheduling framework by comparing four 
different prioritization strategies defined by MaxGain and 
MinLoss applied to biodiversity patterns and processes to 
solve the dynamic area selection problem with variable area 
cost. The analysis results are derived by Marxan software. 
The reference [31] partitions land costs into three distinct 
opportunity costs to smallholder agriculture, soybean 
agriculture and ranching. This paper demonstrate that 
opportunity costs to single stakeholder groups can be 
inaccurate measures of true opportunity costs and can 
inadvertently shift conservation costs to affect groups of 
stakeholders disproportionately. Additionally, the paper 
examine how spatial correlations between costs as well as 
target size affect the performance of opportunity costs to 
single stakeholder groups as surrogate measures of true 
opportunity costs. The analysis results are derived by Marxan 
software. The reference [32] mapped the distribution of the 
remaining habitat for the 189 birds in Rio de Janeiro state that 
are officially endangered and/or endemic to the Atlantic 
Forest. Using those habitat maps, this paper calculated the 
amount of habitat currently within protected areas for each 
species. The paper then prioritized all non-protected parts of 
the state for their avian conservation value and their potential 
contribution to a comprehensive protected area system by 
Marxan tool. 

The reference [33] presents a conceptual framework for 
systematic conservation prioritization that explicitly accounts 
for the connectivity between the terrestrial, marine, and 
freshwater realms. This paper propose a classification of this 
connectivity that encompasses: (1) narrow interfaces, such as 
riparian strips; (2) broad interfaces, such as estuaries; (3) 
constrained connections, such as corridors of native 
vegetation used by amphibians to move between natal ponds 
and adult habitat; and (4) diffuse connections, such as the 
movements of animals between breeding and feeding habitats. 
The determination of priorities are obtained using Marxan 
tool. The reference [34] describe the efforts of the 
conservation organization Two Countries, One Forest to 
identify priority locations in the Northern 
Appalachian/Acadian ecoregion using MARXAN to classify 
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locations based on the number of times they are included in a 
solution. Priority scores range from highly irreplaceable 
(almost always required) to highly replaceable (almost never 
required). Conservation goals encompassed ecosystems, 
threatened and endangered species, geophysical landscape 
features, and focal carnivores. The reference [35] compare 
modeled conservation networks derived at regional and local 
scales from the same area in order to analyze the impact of 
scale effects on conservation planning. Using the MARXAN 
reserve selection algorithm and least cost corridor analysis it 
identified a potential regional conservation network for the 
Central Valley ecoregion of California, USA, from which it 
extracted those portions found within five individual counties. 
The reference [36] derived four abiotic and eight biologically 
informed classifications of stream reaches to serve as 
surrogates for biodiversity patterns in the Wet Tropics 
bioregion, Queensland, Australia. The paper used stream 
reaches as planning units and, as conservation targets for each 
surrogate in Marxan tool. In the reference [37], operational 
planning protocol integrates ecological and socio-economic 
factors to identify the best spatial options for conserving and 
restoring biodiversity, inside and outside extant reserves, 
while minimizing future land-use conflicts. Conservation and 
restoration targets are formulated for species, habitats and 
ecological processes that support biodiversity. In this paper 
the study area of Reunion Island is selected for analyzing. It 
has experienced rapid urban and agricultural expansion, 
which threatens its unique biodiversity. Forty three per cent of 
the island is currently protected in a National Park but only 
half of this reserve network contributes to the achievement of 
targets. The Marxan as a tool is used for studying. The 
reference [38] interviewed land managers in the Eastern Cape 
Province, South Africa, and mapped their willingness-to-sell 
their land using a psychometric analytical technique. 

The paper examined the, degree to which vegetation type 
targets are achieved across a planning region,) areal and cost 
efficiency, and spatial configuration, of candidate protected 
areas identified as important for achieving conservation 
targets. It used Marxan software to select near-optimal 
minimum sets of cadastres which cost-effectively achieve 
targets and which incorporate spatial design principles. 
Grassland Program in South Africa is one such initiative and 
is aimed at safeguarding both biodiversity and ecosystem 
services. As part of this developing program, the reference 
[39] identified spatial priority areas for ecosystem services, 
tested the effect of different target levels of ecosystem 
services used to identify priority areas, and evaluated whether 
biodiversity priority areas can be aligned with those for 
ecosystem services. This paper identified sets of quaternary 
catchment to achieve targets for ecosystem services while 
minimizing the total area of quaternary catchments selected. 
The paper used simulated annealing within Marxan for all 
analyses. The reference [40] considers the impacts of 
urbanization in a biodiversity hotspot and as a case study; it 
evaluates conservation challenges in Metropolitan Cape 
Town. In this paper a threats layer was compiled using the 
following 3 sets of data from city spatial planning. The 
summed threat was determined as the highest threat per 
planning unit. “High” and “Medium” threat categories were 
combined and used as a rule in C-Plan and as a cost surface in 
the Marxan analysis. The reference [41] used the Marxan 
site-selection program to identify priority shorebird and 


waterfowl areas at the ecoregional level. It identified 3.7 
million ha of habitat for shorebirds and waterfowl, of which 
1.4 million ha would be required to conserve 50% of 
wintering populations. To achieve a conservation goal of 
75%, more than twice as much habitat (3.1 million ha) would 
be necessary. The reference [42] investigate these issues 
using a dataset from southern Africa and measure the extent to 
which changing planning unit shape, size and baseline affects 
the results of conservation planning assessments by Marxan. 
it show that using hexagonal planning units instead of squares 
produces more efficient and less fragmented portfolios and 
that using larger planning units produces portfolios that are 
less efficient but more likely to identify the same priority 
areas. The reference [43] presents a spatially explicit decision 
method based on Marxan that can be used to identify actions 
to manage invasive species while minimizing costs and the 
likelihood of reinvasion. It apply the method to a real-world 
management scenario, aimed at managing an invasive aquatic 
macrophyte, olive hymenachne (Hymenachne amplexicaulis), 
which is one of the most threatening invasives in tropical 
Australia, affecting water quality, freshwater biodiversity, 
and fisheries. 

The reference [44] evaluate the effect of grain size of species 
distribution data versus size of planning units on a set of 
performance measures describing efficiency (ratio of area 
where species are represented/total area needed), rate of 
commission errors (species erroneously expected to occur), 
representativeness (proportion of species achieving the 
target) and a novel measure of overall conservation 
uncertainty (integrating commission errors and uncertainty in 
the actual locations where species occur). The analyzing tool 
is Marxan. The paper compared priority areas for the 
conservation of freshwater fish in the Daly River basin 
(northern Australia). The reference [45] developed a 
multi-criteria assessment of spatial variability of the 
vulnerability of three different biodiversity descriptors: sites 
of high conservation interest by virtue of the presence of rare 
or remarkable species, extensive areas of high ecological 
integrity, and landscape diversity in grid cells across an entire 
region. The paper used simulated annealing within Marxan 
for all studies. The aim of the freshwater Key Biodiversity 
Areas (KB As) methodology presented in the reference [46] is 
to identify all catchments of global conservation significance. 
Given that there are limited funds for conservation investment 
it is necessary to priorities amongst KBAs to produce an 
efficient reserve network. In the current study the 
conservation planning software Marxan was utilized to 
priorities amongst triggered catchments using a simple set of 
rules (scenarios) to examine the efficiency with which species 
can be represented and overlap with the existing PA network. 
To illustrate application of the methodology freshwater KBAs 
are identified across continental Africa. 

The reference [47] uses species distribution modeling to 
improve conservation and land use planning of Yunnan, 
China. This paper identify four important aspects of plant 
species distribution in Yunnan: (1) species diversity hotspots; 
(2) seven major floristic regions, using a cluster analysis of 
species presence/absence; (3) priority areas for conservation 
based on the concept of the ‘irreplaceability’ value of 
planning units by Marxan and (4) the percentage remaining 
natural forest among the species rich and conservation 
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priority areas, to assess the level of endangerment. Cacti are a 
plant group of special conservation interest because of their 
economic value and the threats they face. The refrence [48] 
studied cactus diversity in the Saltenian Calchaqufes Valleys, 
the most diverse region in Argentina. Our goals were: to 
analyze diversity patterns, to evaluate the effectiveness of the 
extant reserve network, to select the complementary areas for 
cactus conservation, and to evaluate the effectiveness of 
endemic cactus diversity as surrogate for all cactus diversity 
in this region. All of the analyses were performed using 
Marxan software. Using distribution data of 358 butterfly 
species, the reference [49] have identified 65 prime butterfly 
areas in Turkey. Selection of important sites for a single taxon 
is generally performed using a scoring based system, yet in 
this study it has adopted Systematic Conservation Planning 
approach. The selection was based on the principle of 
complementarily by the site selection software Marxan. The 
reference [50] assessed the effectiveness of 16 indicator 
groups in representing these evolutionary and functional 
components of biodiversity. 

It focused our analyses on the entire set of 854 bird species 
occurring in the Atlantic Forest Biodiversity Hotspot, as a 
case study, it show that a particular bird order (Apodiformes) 
is the most effective surrogate group to capture phylogenetic 
diversity, while the Charadriiformes and restricted-range 
species are the most effective surrogate group to capture 
functional diversity. The optimization problems were solved 
using the simulated annealing algorithm in the software 
Marxan. The reference [51] demonstrate a novel approach for 
systematic conservation planning at a fine scale that 
incorporates dynamic ecological processes (e.g., succession), 
biodiversity targets and management costs. This paper used 
the new ‘Marxan with Zones’ decision support tool to 
spatially redistribute the major structural types of vegetation 
within a privately-owned nature park in Israel and facilitate 
the achievement of multiple conservation targets for 
minimum cost. In northern Democratic Republic of the Congo 
(DRC), the African Wildlife Foundation (AWF) has engaged 
stakeholders and the DRC Government to lead a participatory 
zoning process in the Maringa-Lopori-Wamba (MLW) 
Landscape. To assist landscape scale macro-zoning efforts, 
the reference [52] employed a spatial allocation decision 
support tool called Marxan to develop a set of three scenarios 
of potential human and agricultural expansion for 2050. 
Using the Canadian boreal forest as a case study, the reference 

[53] demonstrate how biological elements, intact forest 
landscapes (e.g., dominantly forested areas largely unaffected 
by recent anthropogenic disturbance); cost (e.g., area and 
accessibility), and size considerations can be incorporated 
within spatial conservation planning tools to propose and, 
following transparent criteria, prioritize potential 
conservation opportunities within the boreal by Marxan tool. 
The loss of habitat and biodiversity worldwide has led to 
considerable resources being spent on conservation 
interventions. Prioritizing these actions is challenging due to 
the complexity of the problem and because there can be 
multiple actors undertaking conservation actions, often with 
divergent or partially overlapping objectives, the reference 

[54] explore this issue with a simulation study involving two 
agents sequentially purchasing land for the conservation of 
multiple species using three scenarios comprising either 
divergent or partially overlapping objectives between the 


agents by Marxan tool. The use of biodiversity surrogates is 
inevitable in conservation planning due to the frequent lack of 
consistent data on biodiversity patterns and processes. 
Top-down environmental classifications (coarse-filter 
surrogates) are the most common approach to defining 
surrogates. Their use relies on the assumption that priority 
areas identified using surrogates will adequately represent 
biodiversity. There remains no clear understanding about how 
the combination of different factors might affect the surrogacy 
value of these classifications. The reference [79] evaluates the 
role of three factors that could affect the effectiveness of 
coarse-filter surrogates: (a) thematic resolution (number of 
classes), (b) species’ prevalence, and (c) the ability of 
classifications to portray homogeneous communities 
(classification strength). The reference [55] explores the role 
of direct and indirect effects of these factors with a simulated 
dataset of 10,000 planning units and 96 species by Marxan 
and structural equation modeling (SEM). The reference [56] 
formulated an approach to explicitly quantify the impact of 
fire on conservation areas, considering such disturbance as a 
driver of land-cover changes. The estimated fire impact was 
integrated as a constraint in the reserve selection process by 
Marxan to tackle the likely threats or opportunities that fire 
disturbance might cause to the targeted species depending on 
their habitat requirements. In this way, it selected 
conservation areas in a fire-prone Mediterranean region for 
two bird assemblages: forest and open-habitat species. Many 
critically endangered species require not only in situ but also 
ex situ conservation to reduce extinction risk. In the reference 
[57], all five known wild populations and two artificially 
managed ex situ populations outside the species’ native range 
of Polemonium kiushianum, a critically endangered herb 
species in Japan, were studied, using 10 polymorphic 
microsatellite markers to assess the genetic consequences of 
habitat degradation on the wild populations and the 
establishment of ex situ populations. These analyses were 
conducted using the Marxan software. 

The reference [58] proposes a two-stage conservation 
planning approach. Firstly, the Land-Use Pattern 
Optimization-library is used to maximize the suitability of 
habitats for target species by optimizing configuration based 
on the current landscape. Secondly, the systematic 
conservation planning tool, Marxan is used to identify 
protected areas based on the estimated species distributions 
from the optimal landscape configuration. The reference [59] 
develops a framework to identify a complementary set of 
priority areas and enhance the conservation opportunities of 
Natura 2000 for freshwater biodiversity, using the Iberian 
Peninsula as a case study by Marxan. it use a systematic 
planning approach to identify a minimum set of additional 
areas that would help i) adequately represent all freshwater 
fish, amphibians and aquatic reptiles at three different target 
levels, ii) account for key ecological processes derived from 
riverscape connectivity, and iii) minimize the impact of 
threats, both within protected areas and propagated from 
upstream unprotected areas. A systematic approach for 
prioritization of protected areas is the use of artificial 
intelligence. This approach employs computer algorithms 
based on an objective function to identify the best network of 
areas to be protected. Site selection algorithms are commonly 
used to identify areas of high conservation value. The 
reference [60] used three types of heuristic algorithms 
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(simulated annealing, greedy, rarity) to prioritize areas for 
protection in Mazandaran Province of Iran using Marxan 
software. The goal was to select a conservation network with 
the smallest possible area in which maximum protection 
targets are achievable. The reference [61] this study has 
aimed to select a set of priority areas and to determine their 
priority order by quantifying human disturbances for each 
area in the Yangtze River Basin (YRB). The habitats of 627 
indicator species were predicted as a proxy for biodiversity. 
The conservation planning tool, Marxan, was used to 
determine the optimal set of planning units, and three 
different target scenarios were generated. In addition, under 
the assumption that if two areas have equal value for 
conservation, the one suffering more severe disturbance needs 
more urgent protection than the other, priority ranking 
analysis was carried out using a BP artificial neural network. 
The reference [62] demonstrates a new approach to plan 
cost-effective river rehabilitation at large scales. The 
framework is based on the use of cost functions (relationship 
between costs of rehabilitation and the expected ecological 
benefit) to optimize the spatial allocation of rehabilitation 
actions needed to achieve given rehabilitation goals (in our 
case established by the Swiss water act). To demonstrate the 
approach with a simple example, the paper link costs of the 
three types of management actions that are most commonly 
used in Switzerland (culvert removal, widening of one 
riverside buffer and widening of both riversides) to the 
improvement in riparian zone quality. It then uses Marxan, a 
widely applied conservation planning software, to identify 
priority areas to implement these rehabilitation measures in 
two neighboring Swiss cantons (Aargau, AG and Zurich, ZH). 
The reference [63] used the conservation planning software 
Marxan to select candidate sites for addition to an existing 
protected area system, based on the following three strategies: 
(1) focusing on remaining natural habitats; (2) prioritizing 
agricultural lands for wildlife-friendly farming and 
agri-environmental measures that can improve conservation 
value; and (3) a strategy combining the former two. it used 
area as a surrogate for cost with the aim of minimizing the 
total area needed to meet its conservation objectives, it 
focused on breeding bird species in Israel’s Mediterranean 
region, a challenging and relevant case study due to the area’s 
high level of urbanization, population density, and its 
heterogeneous landscape. Using spatially explicit estimates of 
bird abundance, the reference [64] evaluated several 
management alternatives for conserving bird populations in 
the Prairie Hardwood Transition of the United States. It 
designed landscapes conserving species at 50% of their 
current predicted abundance as well as landscapes attempting 
to achieve species population targets (which often required 
the doubling of current abundance). It used Marxan with the 
ArcView Geographical Information System interface, CLUZ 
to identify parts of the landscape containing core populations 
of each species for (a) grassland birds, (b) mature forest birds, 
and (c) early successional forest/shrubland birds. The 
reference [65] aims to determine the benefit of different 
terrestrial reserve networks to the condition of coral reefs 
adjacent to the main islands of Fiji to support the work of 
Fiji's Protected Area Committee in expanding the national 
protected area estate through integrated land-sea planning. 
Options for terrestrial protected area networks were designed 
using six approaches, where the primary objective of each 
approach was to either achieve terrestrial conservation goals 


(e.g., represent 40% of each vegetation type) or maximize 
benefits to coral reefs by minimizing potential for land-based 
runoff. To design terrestrial protected areas, the systematic 
conservation planning software Marxan was used. Marxan 
produces spatial options for protected areas that achieve 
stated conservation targets for a minimum cost. The utility of 
spatial conservation prioritization (SCP), could be limited by 
the biases produced by taxonomic uncertainty and by the lack 
of an accepted taxonomic checklist for a diverse group of 
species. Using information on the endemic cacti of the 
Atacama Desert and Mediterranean Chile, The reference [66] 
assessed the implications for SCP of the existence of two 
contrasting taxonomies by Marxan. Biological and 
socioeconomic criteria were combined to design conservation 
networks for two widely used taxonomic checklists of 
endemic Chilean cacti. 

The reference [67] discusses three potential contributions of 
social network analysis to systematic conservation planning: 
identifying stakeholders and their roles in social networks, 
and characterizing relationships between them; designing and 
facilitating strategic networking to strengthen linkages 
between local and regional conservation initiatives; and 
prioritizing conservation actions by Marxan using measures 
of social connectivity alongside ecological data. The 
reference [68] takes the Xinjiang Urgur Autonomous Region 
(Province), a large area in arid northwest China, as a case to 
investigate the patterns of woody species diversity and their 
relationship to environmental factors. At the same time, it aim 
to evaluate the current protected areas network and improve 
conservation planning based on woody plant diversity of 
Xinjiang by Marxan. The paper sampled 133 woody forest 
species and 220 woody xerophytic species, which are about 
10% of the plant species and near 80% of woody species in 
this region, and modeled current and last glacial maximum 
(LGM) distributions of these species using the method of 
species distribution modeling (SDM). Meadows are critical in 
arid and semi-arid Patagonia because of their importance for 
regional biodiversity. Despite this, little information on the 
spatial distribution of meadows is available, which hampers 
conservation planning. The reference [69] modeled the spatial 
distribution of meadows across arid and semi-arid Patagonia, 
Argentina, and investigated conservation status of those areas 
predicted to contain meadows. This project intends to 
prioritize and eventually create areas for conservation based 
on a simulation-based optimization approach, using 
decision-support software Marxan. Integrated, efficient, and 
global prioritization approaches are necessary to manage the 
ongoing loss of species and their associated function. 
“Evolutionary distinctness” measures a species’ contribution 
to the total evolutionary history of its clade and is expected to 
capture uniquely divergent genomes and functions. The 
reference [70] demonstrates how such a metric identifies 
species and regions of particular value for safeguarding 
evolutionary diversity. It used simulated annealing as 
implemented in Marxan and the equal-area grid cell global 
occurrence matrix of imperiled species to estimate minimum 
area needs for the prioritization strategies. The reference [71] 
systematically identified and evaluated priority areas for the 
protection of large mammals and biodiversity in Liberia under 
different conservation scenarios. This paper also assessed 
current proposed protected areas (PPAs) in terms of achieving 
pre-determined conservation targets, and determined 
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potential wildlife and biodiversity loss within logging and 
mining concessions. It systematically collected nationwide 
data on chimpanzee (Pan troglodytes verus) abundance, large 
mammal and tree taxonomic diversity, and human threats. It 
related these to environmental and human impact variables to 
develop nationwide spatial prediction models that also served 
as base-layers for spatial prioritization using Marxan. In The 
reference [72], a new methodology combining the concepts of 
endemicity and threat in order to provide an objective and 
highly accurate selection of protected areas is defined. This is 
a new method to recognize areas of endemism which 
combines the results yielded by NDM program, based on the 
optimality criterion, and those obtained using Marxan 
software, designed to ensure the representation of species in 
the management of biodiversity. 

The method has been tested using the endemic and threatened 
vascular flora of the South of the Iberian Peninsula 
(Andalusia). The reference [73] conducted complementarily 
analysis to achieve the target with regard to species 
distributions of 172 terrestrial birds in Japan, using in part the 
results of niche modeling, and identified candidate protected 
areas not currently included in existing protected areas by 
Marxan. There was a large difference in landscape structure 
between existing and candidate protected areas due to the 
spatial bias of the existing protected areas; these areas were 
characterized by a high proportion of forest areas and low 
landscape heterogeneity, while candidate protected areas had 
a low proportion of forest areas and high landscape 
heterogeneity. The reference [74] presents the first priority 
assessment of freshwater ecosystems by Marxan in Mexico at 
the national scale. Because species' compositional and 
hydrological conditions vary widely across Mexico we 
divided the territory into seven distinct regions in order to 
assign different conservation targets for biodiversity 
surrogates and to consider specific threats according to their 
impact in each region. The reference [75] considers land use 
in priority areas for Borneo’s mammals under combined 
land-cover and climate change projections. Priority areas are 
selected after accounting for species representation within 
existing conservation reserves and represent the optimal 
solution among Marxan and MinPatch analyses that 
combined 243 species aerial targets for projected suitable 
habitat in 2010, 2050s, and 2080s. The reference [76] reviews 
and classifies methods to spatially delineate hotspots. It tests 
how spatial configuration of hotspots for a set of ecosystem 
services differs depending on the applied method. It compares 
the outcomes to a heuristic site prioritisation approach 
(Marxan). 

Tables 1 and 2 show the summery of the reviewed papers. 
Table 1 describes case study region and type of information 
for systematic conservation planning and Table 2 illustrates 
the main contribution in these papers. 

Table 1: Case study region and type of information for 
systematic conservation planning in reviewed papers 


Referenc 

e 

Authors 

Year 

region 

Selected 
Information for 
Planning 

[10] 

K. A. Wilson etal. 

2005 

- 

biophysical 

[11] 

W. J. Zielinski 
etal. 

2006 

Northern 

California 

biophysical 

[12] 

J. B. Oetting etal. 

2006 

Florida 

socio-economic 






and biophysical 

[13] 

Carlo Rondinini 
etal. 

2006 

- 

biophysical 

[14] 

J. Carwardine 
etal. 

2007 

Queensland, 

Australia 

biophysical 

[15] 

S. D. Dlamini etal. 

2008 

Between 
South Africa, 
Mozambique 
and 

Swaziland 

socio-economic 
and biophysical 

[16] 

J. L. Pearce etal. 

2008 

Yellowstone 
National Park 
in Wyoming, 
US and the 
Yukon in 
Canada 

biophysical 

[17] 

B. Rayfield etal. 

2008 

Boreal forest 
of Quebec 
(Canada) 

biophysical 

[18] 

S. Steiniger etal. 

2009 

- 

- 

[19] 

C. J. Klein etal. 

2009 

Australia 

biophysical 

[20] 

W. T. Langford 
etal. 

2009 


socio-economic 
and biophysical 

[21] 

M. A. Amis etal. 

2009 

Mpumalanga 
Province in 
South Africa 

biophysical 

[22] 

E. Lagabrielle etal. 

2009 

Reunion 

Island 

biophysical 

[23] 

J. L. NEL etal. 

2009 

South Africa 

biophysical 

[24] 

R. Lourival etal. 

2009 

Brazil 

biophysical 

[25] 

P. J O’Farrell etal. 

2010 

- 

- 

[26] 

S. J. Phillips etal. 

2010 

New South 
Wales 

socio-economic 
and biophysical 

[27] 

S. B. Carvalho 
etal. 

2010 

Iberian 

Peninsula 

biophysical 

[28] 

H. J. Edwards etal. 

2010 

Belize Barrier 
Reef 

biophysical 

[29] 

E. Lagabrielle etal. 

2010 

Reunion 

Island 

socio-economic 
and biophysical 

[30] 

P. Visconti etal. 

2010 

- 

- 

[31] 

V. M. Adams etal. 

2010 

- 

socio-economic 
and biophysical 

[32] 

C. N. Jenkins etal. 

2010 

Rio de 
Janeiro 

biophysical 

[33] 

M. Beger etal. 

2010 


biophysical 

[34] 

S. C. Trombulak 

2010 

Northern 

Appalachian/ 

Acadian 

socio-economic 
and biophysical 

[35] 

P. R. Huber etal. 

2010 

Central 
Valley of 
California 

biophysical 

[36] 

S.R. 

Januchowski-Hartl 
ey etal. 

2011 

Queensland, 

Australia 

biophysical 

[37] 

E. Lagabrielle etal. 

2011 

Reunion 

Island 

socio-economic 
and biophysical 

[38] 

A. T. Knight etal. 

2011 

Eastern Cape 
Province, 
South Africa 

biophysical 

[39] 

B. N. Egoh etal. 

2011 

South Africa 

biophysical 

[40] 

A.G. Rebelo etal. 

2011 

Cape Town 

socio-economic 
and biophysical 

[41] 

D. Stralberg 
etal. 

2011 

- 

biophysical 

[42] 

B. A. Nhancale 
etal. 

2011 

southern 

Africa 

biophysical 

[43] 

S. R. Januchows 
ki-Hartley etal. 

2011 

tropical 

Australia 

biophysical 

[44] 

V. Hermoso etal. 

2012 

Daly River 
basin 
(northern 
Australia) 

biophysical 

[45] 

R. Vimal etal. 

2012 

- 

biophysical 

[46] 

R.A. Holland etal. 

2012 

Across 

continental 

Africa 

biophysical 

[47] 

M. G. Zhang etal. 

2012 

Yunnan, 

China 

biophysical 

[48] 

P. Ortega-Baes 
etal. 

2012 

Saltenian 
Calchaqufes 
Valleys, in 
Argentina 

biophysical 

[49] 

U. S. Zeydanli 
etal. 

2012 

Turkey 

biophysical 

[50] 

J. 

Trindade-Filho 

etal. 

2012 

Atlantic 

Forest 

biophysical 
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[51] 

N. Apel etal. 

2013 

Palestine 

socio-economic 
and biophysical 

[52] 

J. Nackoney etal. 

2013 

Northern 
Democratic 
Republic of 
the Congo 

socio-economic 
and biophysical 

[53] 

P. Powers etal. 

2013 

Canadian 
boreal forest 

socio-economic 
and biophysical 

[54] 

A. Gordon etal. 

2013 

- 

- 

[551 

V. Hermoso etal. 

2013 

- 

biophysical 

[56] 

S. Vallecillo 
etal. 

2013 

Fire-prone 

Mediterranea 

n 

biophysical 

[57] 

M. Yokogawa 
etal. 

2014 

Japan 

biophysical 

[58] 

Y. P. Lin etal. 

2014 



[59] 

V. Hermoso etal. 

2014 

Iberian 

Peninsula 

biophysical 

[60] 

A. Mehri etal. 

2014 

Mazandaran 
Province of 
Iran 

biophysical 

[61] 

L. Zhang etal. 

2014 

Yangtze 
River Basin 

biophysical 

[62] 

S. D. Langhans 
etal. 

2014 

Switzerland 

socio-economic 
and biophysical 

[63] 

D. Troupin etal. 

2014 

Palestine’s 
Mediterranea 
n region 

socio-economic 
and biophysical 

[64] 

W. E. Thogmartin 
etal. 

2014 

Prairie 
Hardwood 
Transition of 
the United 
States 

biophysical 

[65] 

C. J. Klein etal. 

2014 

Main islands 
of Fiji 

biophysical 

[66] 

M. Duarte etal. 

2014 

Atacama 
Desert and 
Mediterranea 
n Chile 

socio-economic 
and biophysical 

[67] 

M. Mills etal. 

2014 

- 

socio-economic 
and biophysical 

[68] 

H. X. Zhang etal. 

2014 

Xinjiang 

Urgur 

Autonomous 

Region 

(Province), 

northwest 

China 

biophysical 

[69] 

R. D. Crego etal. 

2014 

Argentina 

biophysical 

[70] 

W. Jetz etal. 

2014 

- 

- 

[71] 

J. Junker etal. 

2015 

Liberia 

socio-economic 
and biophysical 

[72] 

A. J. 

Mendoza-Fernand 
ez etal. 

2015 

South of the 
Iberian 
Peninsula 
(Andalusia) 

biophysical 

[73] 

S. Naoe etal. 

2015 

Japan 

biophysical 

[74] 

A. Lira-Noriega 
etal. 

2015 

Mexico 

biophysical 

[75] 

M. J. Struebig etal. 

2015 

Borneo 

biophysical 

[76] 

M. SCHROTER 
etal. 

2015 

- 

- 


Table 2: The main contribution for systematic conservation planning in 
reviewed papers 


Number of 
Reference 

Authors 

Main Contribution 

[10] 

K. A. Wilson 
etal. 

assessing the sensitivity of conservation 
planning outcomes to different uses of 
predicted species distribution data 

[11] 

W. J. 
Zielinski 
etal. 

Using empirically derived landscape 
suitability models for the spotted owl 
and the fisher to evaluate the overlap in 
habitat suitability for these predators 

[12] 

J. B. Oetting 
etal. 

Introducing a systematic reserve design 
analysis with considering conservation 
needs for a variety of natural resources 

[13] 

Carlo 

Rondinini 

etal. 

presenting a systematic reserve selection 
for 1654 African mammals and 
amphibians that uses habitat suitability 
models as estimates of the area occupied 
by each species 

[14] 

J. Carwardi 
ne etal. 

comparing the irreplaceability of sites 
for protecting ecosystems using Marxan 




and C-Plan 

[15] 

S. D. Dlamini 
etal. 

designing a landscape to conserve 44 
landcover types, 53 species and 14 
ecological processes 

[16] 

J. L. Pearce 
etal. 

identifying priority areas for avian 
biodiversity with minimizing the area 
delineated and incorporating multiple 
criteria (species richness representation, 
spatial clustering) and biodiversity 
targets 

[17] 

B. Rayfield 
etal. 

examining the relative merits of static 
and dynamic protected areas for the 
conservation of American marten habitat 

[18] 

S. Steiniger 
etal. 

reviewing the use of GIS and GI tools in 
landscape ecology, with an emphasis on 
free and open source software (FOSS) 
projects 

[19] 

C. J. Klein 
etal. 

developing two approaches to identify 
areas important for the conservation of 
biodiversity in terms of both wilderness 
quality and biodiversity representation 

[20] 

W. T. 

Langford etal. 

proposing a conceptual structure for 
exploring the consequences of input 
uncertainty and oversimplified 
approximations to real-world processes 
for any conservation planning tool or 
strategy 

[21] 

M. A. Amis 
etal. 

proposing a protocol for integrating the 
assessment of freshwater and terrestrial 
priorities in conservation planning 

[22] 

E. Lagabrielle 
etal. 

maping the spatial components of 
biodiversity processes and use these to 
design broad-scale conservation 
corridors 

[23] 

J. L. Nel etal. 

presenting the freshwater component of 
the spatial assessment, aimed at 
identifying focus areas for expanding the 
national protected area system for the 
benefit of river biodiversity 

[24] 

R. Lourival 
etal. 

evaluating four conservation scenarios 
complied with the principles of 
systematic conservation planning and 
analyzed their representativeness, 
efficiency, and complementarily 

[25] 

P. J O’Farrell 
etal. 

A brief reviewing of systematic 
conservation planning tools 

[26] 

S. J. Phillips 
etal. 

Introducing a simple new index, 
“fraction-of-spare,” for site 
prioritization, 

[27] 

S. B. 

Carvalho etal. 

analyzing the effects of using different 
types of distribution data on the 
performance of reserve selection 
algorithms in scenarios 

[28] 

H. J. Edwards 
etal. 

extending Marxan, to incorporate 
several important considerations related 
to biodiversity processes and 
management 

[29] 

E. Lagabrielle 
etal. 

considering participatory modeling to 
integrate biodiversity conservation into 
land use planning and to facilitate the 
incorporation of ecological knowledge 
into public decision making for spatial 
planning 

[30] 

P. Visconti 
etal. 

addressing both biodiversity processes 
and habitat loss in a scheduling 
framework by comparing four different 
prioritization strategies defined by 
MaxGain and MinLoss 

[31] 

V. M. Adams 
etal. 

demonstrating that opportunity costs to 
single stakeholder groups can be 
inaccurate measures of true opportunity 
costs and can inadvertently shift 
conservation costs to affect groups of 
stakeholders disproportionately 

[32] 

C. N. Jenkins 
etal. 

mapping the distribution of the 
remaining habitat for the 189 birds 

[33] 

M. Beger 
etal. 

presenting a conceptual framework for 
systematic conservation prioritization 
that explicitly accounts for the 
connectivity between the terrestrial, 
marine, and freshwater realms 

[34] 

S. C. Tromb 

ULAK 

describing the efforts of the conservation 
organization to identify priority 
locations in the Northern 
Appalachian/Acadian ecoregion 

[35] 

P. R. Huber 
etal. 

comparing modeled conservation 
networks derived at regional and local 
scales from the same area in order to 
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analyze the impact of scale effects on 
conservation planning 

[36] 

S.R. 

Januchowski- 
Hartley etal. 

deriving four abiotic and eight 
biologically informed classifications of 
stream reaches to serve as surrogates for 
biodiversity patterns 

[37] 

E. Lagabrielle 
etal. 

integrating ecological and 
socio-economic factors to identify the 
best spatial options for conserving and 
restoring biodiversity, inside and outside 
extant reserves, while minimizing future 
land-use conflicts 

[38] 

A. T. Knight 
etal. 

interviewing land managers and 
mapping their willingness-to-sell their 
land using a psychometric analytical 
technique 

[39] 

B. N. Egoh 
etal. 

identifying spatial priority areas for 
ecosystem services, testing the effect of 
different target levels of ecosystem 
services used to identify priority areas, 
and evaluating whether biodiversity 
priority areas can be aligned with those 
for ecosystem services 

[40] 

A.G. Rebelo 
etal. 

considering the impacts of urbanization 
in a biodiversity hotspot 

[41] 

D. Stralber 

G etal. 

identifying priority shorebird and 
waterfowl areas at the ecoregional level 

[42] 

B. A. Nhanc 
ale etal. 

using a dataset from southern Africa and 
measure the extent to which changing 
planning unit shape, size and baseline 
affects the results of conservation 
planning assessments 

[43] 

S. R. Januch 
owski-Hart 
ley etal. 

presenting a spatially explicit decision 
method that can be used to identify 
actions to manage invasive species while 
minimizing costs and the likelihood of 
reinvasion 

[44] 

V. Hermoso 
etal. 

evaluating the effect of grain size of 
species distribution data versus size of 
planning units on a set of performance 
measures describing efficiency, rate of 
commission errors, representativeness 
and a novel measure of overall 
conservation uncertainty 

[45] 

R. Vimal etal. 

developing a multi-criteria assessment 
of spatial variability of the vulnerability 
of three different biodiversity 
descriptors 

[46] 

R.A. Holland 
etal. 

prioritizing amongst triggered 
catchments using a simple set of 
scenarios to examine the efficiency with 
which species can be represented and 
overlap with the existing PA network 

[47] 

M. G. Zhang 
etal. 

using species distribution modeling to 
improve conservation and land use 
planning 

[48] 

P. 

Ortega-Bae 
s etal. 

analyzing diversity patterns, to evaluate 
the effectiveness of the extant reserve 
network, to select the complementary 
areas for cactus conservation 

[49] 

U.S. 

Zeydanli 

etal. 

Identifying 65 prime butterfly areas 

[50] 

J. 

Trindade-Fi 
LHO etal. 

assessing the effectiveness of 16 
indicator groups in representing 
evolutionary and functional components 
of biodiversity 

[51] 

N. Apel etal. 

demonstrating a novel approach for 
systematic conservation planning that 
incorporates dynamic ecological 
processes, biodiversity targets and 
management costs 

[52] 

J. Nackoney 
etal. 

employing Marxan to develop a set of 
three scenarios of potential human and 
agricultural expansion for 2050 in 
Congo 

[53] 

P. Powers 
etal. 

demonstrating how biological elements, 
intact forest landscapes; cost, and size 
considerations can be incorporated 
within spatial conservation planning 
tools 

[54] 

A. Gordon 
etal. 

involving two agents sequentially 
purchasing land for the conservation of 
multiple species using three scenarios 
comprising either divergent or partially 
overlapping objectives between the 
agents 

[55] 

V. Hermoso 

evaluating the role of three factors that 



etal. 

could affect the effectiveness of 
coarse-filter surrogates: thematic 
resolution, species’ prevalence, and 
classification strength 

[56] 

S. VALLECILL 
o etal. 

formulating an approach to explicitly 
quantify the impact of fire on 
conservation areas, considering such 
disturbance as a driver of land-cover 
changes 

[57] 

M. 

Yokogawa 

etal. 

all five known wild populations and two 
artificially managed ex situ populations 
outside the species’ native range of a 
critically endangered herb species in 
Japan, were studied, using 10 
polymorphic microsatellite markers to 
assess the genetic consequences of 
habitat degradation on the wild 
populations and the establishment of ex 
situ populations 

[58] 

Y. P. Lin etal. 

proposing a two-stage conservation 
planning approach 

[59] 

V. Hermoso 
etal. 

developing a framework to identify a 
complementary set of priority areas and 
enhance the conservation opportunities 
of Natura 2000 for freshwater 
biodiversity 

[60] 

A. Mehri etal. 

using three types of heuristic algorithms 
(simulated annealing, greedy, rarity) to 
prioritize areas for protection in 
Mazandaran Province of Iran 

[61] 

L. Zhang etal. 

aiming to select a set of priority areas 
and to determine their priority order by 
quantifying human disturbances for each 
area in the Yangtze River Basin 

[62] 

S. D. 
Langhans 
etal. 

demonstrating a new approach to plan 
cost-effective river rehabilitation at large 
scales 

[63] 

D. Troupin 
etal. 

using Marxan to select candidate sites 
for addition to an existing protected area 
system, based on three strategies 

[64] 

W. E. 

Thogmartin 

etal. 

evaluating several management 
alternatives for conserving bird 
populations in the Prairie Hardwood 
Transition of the United States 

[65] 

C. J. Klein 
etal. 

aiming to determine the benefit of 
different terrestrial reserve networks to 
the condition of coral reefs 

[66] 

M. Duarte 
etal. 

assessing the implications for spatial 
conservation prioritization of the 
existence of two contrasting taxonomies 

[67] 

M. Mills etal. 

discussing three potential contributions 
of social network analysis to systematic 
conservation planning 

[68] 

H. X. Zhang 
etal. 

investigating the patterns of woody 
species diversity and their relationship to 
environmental factors 

[69] 

R. D. Crego 
etal. 

modeling the spatial distribution of 
meadows across arid and semi-arid 
Patagonia, Argentina, and investigating 
conservation status of those areas 
predicted to contain meadows 

[70] 

W. JETZ etal. 

demonstrating how such a metric 
identifies species and regions of 
particular value for safeguarding 
evolutionary diversity 

[71] 

J. Junker etal. 

identifying priority areas for the 
protection of large mammals and 
biodiversity in Liberia under different 
conservation scenarios 

[72] 

A. J. 

Mendoza-Fer 
nandez etal. 

Defining a new methodology combining 
the concepts of endemicity and threat in 
order to provide an objective and highly 
accurate selection of protected areas 

[73] 

S. Naoe etal. 

conducting complementarily analysis to 
achieve the target with regard to species 
distributions of 172 terrestrial birds in 
Japan 

[74] 

A. 

Lira-Noriega 

etal. 

presenting the first priority assessment 
of freshwater ecosystems by in Mexico 
at the national scale 

[75] 

M. J. 

Struebig etal. 

considering land use in priority areas for 
Borneo’s mammals under combined 
land-cover and climate change 
projections 

[76] 

M. SCHROTE 

R etal. 

reviewing and classifying methods to 
spatially delineate hotspots 
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III. CHRONOLOGICAL ANALYSIS 

Totally, 67 papers were surveyed in this paper, covering the 
sufficient depth of works in the systematic conservation 
planning with Marxan in the landscape field for the time span 
of 2005 to 2015. Fig. 1 shows the percentage of the published 
papers about systematic conservation planning in landscape 
versus a one-year period from 2005 up to 2015. It can be 
surveyed that, in 2014, the maximum number of papers was 
published about this field (14% in each year) and, afterwards, 
2010 was ranked second with 11%. It can be noted that the 
majority of papers considered the biophysical information for 
planning, demonstrating the important role of this information 
for decision-making. 



Year 

Fig.l Percentage of published papers about systematic 
conservation planning in seascape 


IV. CONCLUSIONS 

In this paper, almost 67 papers were surveyed about 
systematic conservation planning in landscape. Among these 
papers, the majority of papers considered bio physical 
information for planning and showed the importance of the 
information. Of course socio-economical information are key 
data for conservation planning and it is necessary that they are 
considered more for planning. 

References 

[1] Margules, C. R., Pressy, R. L., & Williams, p. H. (2002). Representing 
biodiversity: data and Procedures for identifying priority areas for 
conservation. J.Biosci. 27, 309-326. 

[2] Sarkar, S. & Margules, C. (2002). Operationalizing biodiversity for 
conservation planning. BioScience, 27, 299-308. 

[3] Juliette Delavenne, Kristian Metcalfe, Robert J. Smith, Sandrine Vazl, 
Corinne S. Martin, Ludovic Dupuis, Franck Coppin and Andre 
Carpentier. (2011). Systematic conservation planning in the eastern 
English Channel: comparing the Marxan and Zonation 
decision-support tools. ICES Journal of Marine Science. 69(1), 75-83 

[4] Margules, C. R., Pressy, R. L., & Williams, p. H. (2002). Representing 
biodiversity: data and Procedures for identifying priority areas for 
conservation. J.Biosci. 27, 309-326. 

[5] Margules, C. R., & Pressey, R. L. (2000). Systematic conservation 
planning, nature , 405, 243-253. 

[6] Salman Mahini, A. (2009). Fundamentals of environmental protection. 
Golestan environment head office. 337 pp. 

[7] Pearce, J. L., Kirk, D. A., Lane, C. P., Mahr, M. H., Walmsley, J., 
Casey, D., Muir, J. E., Hannon, S., Hansen, A. , & Jones, K. (2008). 
Prioritizing avian conservation areas for the Yellowstone to Yukon 
Region of North America. Biological Conservation, 141, 908-924. 

[8] Vanderkam, R. P. D., Wiersma, Y. F., & King, D. J. (2007). Heuristic 
algorithms vs. linear programs for designing efficient conservation 
reserve networks: Evaluation of solution optimality and processing 
time. Biological conservation, 124, 1-10. 

[9] Aerts, J. C. J. H., & Heuvelink, G. B. M. (2002). Using simulated 
annealing for resource allocation. Geographical information science, 
16, 571-587. 


[10] Ball IR, Possingham HP. MARXAN(V 1.8.2): marine reserve design 
using spatially explicit annealing—a manual. Australia: University of 
Queensland; 2000 

[11] Kerrie A. Wilson, Michael I. Westphal, Hugh P. Possingham, Jane 
Elith. (2005). Sensitivity of conservation planning to different 
approaches to using predicted species distribution data. Biological 
Conservation. 122(1): 99-112 

[12] William J. Zielinski, Carlos Carroll, Jeffrey R. Dunk. (2006). Using 
landscape suitability models to reconcile conservation planning for two 
key forest predators. Biological Conservation. 133(4): 409-430. 

[13] Jonathan B. Oetting, Amy L. Knight, Gary R. Knight. (2006). 
Systematic reserve design as a dynamic process: F-TRAC and the 
Florida Forever program. Biological Conservation. 128(1): 37^46 

[14] Carlo Rondinini, Federica Chiozza , Luigi Boitani . (2006). High 
human density in the irreplaceable sites for African vertebrates 
conservation. Biological Conservation. 133(3): 358-363 

[15] J. Carwardine, W. A. Rochester , K. S. Richardson, K. J. Williams, 
R. L. Pressey , H. P. Possingham. (2007). Conservation planning with 
irreplace ability: does the method matter. Biodiversity and 
Conservation. 16(1): 245-258 

[16] Sikhumbuzo D. Dlamini, Peter S. Goodman, Linda Loffler, Wayne S. 
Matthews, Ara Monadjem, Craig M. Mulqueeny, Petros Ngwenya, 
Comelio P. Ntumi, Bartolomeu Soto, Nigel Leader-Williams, Robert J. 
Smith, Julian Easton, Bruno A. Nhancale, Adrian J. Armstrong, James 
Culverwell. (2008). Designing a transfrontier conservation landscape 
for the Maputaland centre of endemism using biodiversity, economic 
and threat data. Biological Conservation, 141(8): 2127-2138 

[17] Jennie L. Pearce, David Anthony Kirk, Cynthia P. Lane, Marguerite H. 
Mahr, John Walmsley, Daniel Casey, Judy E. Muir, Susan Hannon, 
Andrew Hansen, Kingsford Jones. (2008). Prioritizing avian 
conservation areas for the Yellowstone to Yukon Region of North 
America. Biological Conservation, 141(4):908-924 

[18] Bronwyn Rayfield, Patrick M.A. James, Andrew Fall, Marie-Josee 
Fortin. (2008). Comparing static versus dynamic protected areas in the 
Quebec boreal forest. Biological Conservation, 141(2): 438-449 

[19] Stefan Steiniger, Geoffrey J. Hay. (2009). Free and open source 
geographic information tools for landscape ecology. Ecological 
Informatics, 4(4): 183-195. 

[20] Carissa J. Klein, Kerrie A. Wilson, Matthew Watts, Janet Stein, Josie 
Carwardine, Brendan Mackey, Hugh P. Possingham. (2009). Spatial 
conservation prioritization inclusive of wilderness quality: A case 
study of Australia’s biodiversity. Biological Conservation, 142(7): 
1282-1290 

[21] William T. Langford, Ascelin Gordon, Lucy Bastin. (2009). When do 
conservation planning methods deliver? Quantifying the consequences 
of uncertainty. Ecological Informatics, 4(3): 123-135. 

[22] Mao A. Amis, Mathieu Rouget, Mervyn Lotter, Jenny Day. (2009). 
Integrating freshwater and terrestrial priorities in conservation 
planning. Biological Conservation, 142(10): 2217-2226 

[23] Erwann Lagabrielle, Mathieu Rouget, Karine Payet, Nokuthula 
Wistebaar, Laurent Durieux, Stephane Baret, Amanda Lombard, 
Dominique Strasberg. (2009). Identifying and mapping biodiversity 
processes for conservation planning in islands: A case study in 
Reunion Island (Western Indian Ocean). Biological Conservation, 
142(7): 1523-1535. 

[24] Jeanne L. Nel, Belinda Reyers, Dirk J. Roux, Richard M. Cowling. 
(2009). Expanding protected areas beyond their terrestrial comfort 
zone: Identifying spatial options for river conservation. Biological 
Conservation. 142(8): 1605-1616 

[25] Reinaldo Lourival, Hamish McCallum, Gordon Grigg, 

Claudia Arcangelo Machado, Hugh Possingham. (2009). A systematic 
evaluation of the conservation plans for the pantanal wetland in Brazil. 
Wetlands. 29(4): 1189-1201 

[26] Patrick J O’Farrell, Pippin ML Anderson. (2010). Sustainable 
multifunctional landscapes: a review to implementation. Current 
Opinion in Environmental Sustainability, 2(1-2): 59-65. 

[27] Steven J. Phillips, Aaron Archer, Robert L. Pressey, Desmond 
Torkomoo, David Applegate, David Johnson, Matthew E. Watts. 
(2010). Voting power and target-based site prioritization. Biological 
Conservation, 143(9): 1989-1997 

[28] Silvia B. Carvalho, Jose C. Brito, Robert L. Pressey, Eduardo Crespo, 
Hugh P. Possingham. (2010). Simulating the effects of using different 
types of species distribution data in reserve selection. Biological 
Conservation, 143(2): 426-438 

[29] Helen J. Edwards, Ian A. Elliott, Robert L. Pressey, Peter J. Mumby. 
(2010). Incorporating ontogenetic dispersal, ecological processes and 


15 


www.ijeas.org 






International Journal of Engineering and Applied Sciences (IJEAS) 
ISSN: 2394-3661, Volume-2, Issue-12, December 2015 


conservation zoning into reserve design. Biological Conservation, 
143(2):457-470 

[30] Erwann Lagabrielle, Aurelie Botta, Williams Dare, Daniel David, 
Sigrid Aubert, Christo Fabricius. (2010). Modelling with stakeholders 
to integrate biodiversity into land-use planning - Lessons learned in 
Reunion Island (Western Indian Ocean). Environmental Modelling & 
Software, 25(11): 1413-1427 

[31] Piero Visconti, Robert L. Pressey, Daniel B. Segan, Brendan A. 
Wintle. (2010). Conservation planning with dynamic threats: The role 
of spatial design and priority setting for species’ persistence. 
Biological Conservation, 143(3): 756-767 

[32] Vanessa M. Adams, Robert L. Pressey, Robin Naidoo. (2010). 
Opportunity costs: Who really pays for conservation?. Biological 
Conservation, 143(2): 439-448 

[33] Clinton N. Jenkins, Maria Alice S. Alves, Stuart L. Pimm.(2010). 
Avian conservation priorities in a top-ranked biodiversity hotspot. 
Biological Conservation, 143(4): 992-998. 

[34] Maria Beger, Hedley S. Grantham, Robert L. Pressey, Kerrie A. 
Wilson, Eric L. Peterson, Daniel Dorfman, Peter J. Mumby, Reinaldo 
Lourival, Daniel R. Brumbaugh, Hugh P. Possingham. (2010). 
Conservation planning for connectivity across marine, freshwater, and 
terrestrial realms. Biological Conservation, 143(3): 565-575. 

[35] Stephen C. Trombulak. (2010) Assessing Irreplaceability for 
Systematic Conservation Planning. Landscape-scale Conservation 
Planning.Chapter, pp 303-324. 

[36] Patrick R. Huber, Steven E. Greco, James H. Thorne. (2010). 
Spatial scale effects on conservation network design: trade-offs and 
omissions in regional versus local scale planning. Landscape Ecology. 
25(5): 683-695. 

[37] S.R. Januchowski-Hartley, V. Hermoso, R.L. Pressey, S. Linke, J. 
Kool, R.G. Pearson, B.J. Pusey, J. VanDerWal. (2011). Coarse-filter 
surrogates do not represent freshwater fish diversity at a regional scale 
in Queensland, Australia. Biological Conservation, 144(10): 
2499-2511. 

[38] Erwann Lagabrielle, Mathieu Rouget, Thomas Le Bourgeois, Karine 
Payet, Laurent Durieux, Stephane Baret, Joel Dupont, Dominique 
Strasberg. (2011). Integrating conservation, restoration and land-use 
planning in islands—An illustrative case study in Reunion Island 
(Western Indian Ocean). Landscape and Urban Planning, 101(2): 
120-130 

[39] Andrew T. Knight, Hedley S. Grantham, Robert J. Smith, Gillian K. 
McGregor, Hugh P. Possingham, Richard M. Cowling. (2011). Land 
managers’ willingness-to-sell defines conservation opportunity for 
protected area expansion. Biological Conservation, 144(11): 
2623-2630. 

[40] Benis N. Egoh, Belinda Reyers, Mathieu Rouget, David M. 
Richardson.(2011). Identifying priority areas for ecosystem service 
management in South African grasslands. Journal of Environmental 
Management, 92(6): 1642-1650. 

[41] A.G. Rebelo, P.M. Holmes, C. Dorse, J. Wood. (2011). Impacts of 
urbanization in a biodiversity hotspot: Conservation challenges in 
Metropolitan Cape Town. South African Journal of Botany, 77(1): 
20-35. 

[42] Diana Stralberg , D. Richard Cameron, Mark D. Reynolds , 

Catherine M. Hickey, Kirk Klausmeyer, Sylvia M. Busby, 
Lynne E. StenzefW. David Shuford, Gary W. Page.(2011). 

Identifying habitat conservation priorities and gaps for migratory 
shorebirds and waterfowl in California. Biodiversity and Conservation. 
20(1): 19-40. 

[43] Bruno A. Nhancale , Robert J. Smith. (2011). the influence of 
planning unit characteristics on the efficiency and spatial pattern of 
systematic conservation planning assessments. Biodiversity and 
Conservation. 20(8): 1821-1835 

[44] S. R. Januchowski-Hartley, P. Visconti, R. L. Pressey. (2011). A 
systematic approach for prioritizing multiple management actions for 
invasive species. Biological Invasions. 13(5): 1241-1253 

[45] Virgilio Hermoso, Mark J. Kennard. (2012). Uncertainty in coarse 
conservation assessments hinders the efficient achievement of 
conservation goals. Biological Conservation, 147(1): 52-59 

[46] Ruppert Vimal, Pascal Pluvinet, Celine Sacca, Pierre-Olivier Mazagol, 
Bernard Etlicher, John D. Thompson. (2012). Exploring spatial 
patterns of vulnerability for diverse biodiversity descriptors in regional 
conservation planning. Journal of Environmental Management, 95(1): 
9-16 

[47] R.A. Holland, W.R.T. Darwall, K.G. Smith. (2012). Conservation 
priorities for freshwater biodiversity: The Key Biodiversity Area 


approach refined and tested for continental Africa. Biological 
Conservation, 148(1): 167-179 

[48] Ming-Gang Zhang, Zhe-Kun Zhou, Wen-Yun Chen, J.W. Ferry Slik, 
Charles H. Cannon, Niels Raes. (2012). Using species distribution 
modeling to improve conservation and land use planning of Yunnan, 
China. Biological Conservation, 153 : 257-264. 

[49] P. Ortega-Baes, S. Bravo, J. Sajama, S. Suhring, J. Arrueta, E. Sotola, 
M. Alonso-Pedano, A.C. Godoy-Biirki, N.R. Frizza, G. Galfndez, P. 
Gorostiague, A. Barrionuevo, A. Scopel. (2012). Intensive field 
surveys in conservation planning: Priorities for cactus diversity in the 
Saltenian Calchaqufes Valleys (Argentina). Journal of Arid 
Environments. 82: 91-97 

[50] Ugur S. Zeydanh , Ay§e S. Turak,Ozge Balkiz, Deniz Oziit, Alper 
Ertlirk, Hilary Welch, Evrim Karagetin, Didem Ambarli, Mustafa 
Durmu§, C. Can Bilgin. (2012). Identification of Prime Butterfly Areas 
in Turkey using systematic conservation planning: Challenges and 
opportunities. Biological Conservation. 150(1): 86-93. 

[51] Joaquim Trindade-Filho, Fernando Landa Sobral, Marcus Vinicius 
Cianciaruso, Rafael Dias Loyola. (2012). Using indicator groups to 
represent bird phylogenetic and functional diversity. Biological 
Conservation. 146(1): 155-162 

[52] Naomi Apel, Avi Perevolotsky, Niv DeMalach, Hugh P. Possingham, 
Salit Kark. (2013). A framework for systematic conservation planning 
and management of Mediterranean landscapes. Biological 
Conservation, 158: 371-383 

[53] Janet Nackoney, David Williams. (2013). A comparison of scenarios 
for rural development planning and conservation in the Democratic 
Republic of the Congo. Biological Conservation, 164: 140-149 

[54] P. Powers, Nicholas C. Coops, Trisalyn Nelson, Michael A. Wulder, C. 
Ronnie Drever. (2013). Integrating accessibility and intactness into 
large-area conservation planning in the Canadian boreal forest. 
Biological Conservation, 167: 371-379 

[55] Ascelin Gordon, Lucy Bastin, William T. Langford, Alex M. Lechner, 
Sarah A. Bekessy. (2013). Simulating the value of collaboration in 
multi-actor conservation planning. Ecological Modelling, 294: 19-25 

[56] Virgilio Hermoso , Stephanie R. Januchowski-Hartley, Robert L. 
Pressey. (2013). When the suit does not fit biodiversity: Loose 
surrogates compromise the achievement of conservation goals. 
Biological Conservation. 159: 197-205 

[57] Sara Vallecillo, Virgilio Hermoso, Hugh P. Possingham, 
Llufs Brotons. (2013). Conservation planning in a fire-prone 
Mediterranean region: threats and opportunities for bird species. 
Landscape Ecology. 28(8): 1517-1528 

[58] Masashi Yokogawa, Shingo Kaneko, Yoshitaka Takahashi, Yuji Isagi. 
(2014). Genetic consequences of rapid population decline and 
restoration of the critically endangered herb Polemonium kiushianum. 
Biological Conservation. 157: 401^408 

[59] Yu-Pin Lin , Chun-Wei Huang, Tzung-Su Ding, Yung-Chieh Wang, 
Wei-Te Hsiao, Neville D. Crossman, Szabolcs Lengyel, Wei-Chih Lin, 
Dirk S. Schmeller. (2014). Conservation planning to zone protected 
areas under optimal landscape management for bird conservation. 
Environmental Modelling & Software. 60: 121-133 

[60] Virgilio Hermoso , Ana Filipa Filipe, Pedro Segurado, Pedro Beja. 
(2015). Filling gaps in a large reserve network to address freshwater 
conservation needs. Journal of Environmental Management. 161: 
358-365 

[61] Azade Mehri, Abdolrassoul Salmanmahiny , Seyed Hamed Mirkarimi 
, Hamid Reza Rezaei . (2014). Use of optimization algorithms to 
prioritize protected areas in Mazandaran Province of Iran..Journal for 
Nature Conservation. 22(5): 462^-70 

[62] Lu Zhang, Wei-hua Xu , Zhi-yun Ouyang, Chun-quan Zhu. (2014). 
Determination of priority nature conservation areas and human 
disturbances in the Yangtze River Basin, China. Journal for Nature 
Conservation. 22(4):326-336 

[63] Simone D. Langhans, Virgilio Hermoso, Simon Linke, Stuart E. Bunn 
, Hugh P. Possingham. (2014). Cost-effective river rehabilitation 
planning: Optimizing for morphological benefits at large spatial scales. 
Journal of Environmental Management. 132: 296-303. 

[64] David Troupin , Yohay Carmel. (2014). Can agro-ecosystems 
efficiently complement protected area networks?. Biological 
Conservation. 169: 158-166 

[65] Wayne E. Thogmartin, Shawn M. Crimmins, Jennie Pearce. (2014). 
Prioritizing bird conservation actions in the Prairie Hardwood 
transition of the Midwestern United States. Biological Conservation. 
176:212-223 

[66] Carissa J. Klein , Stacy D. Jupiter, Matthew Watts , Hugh P. 
Possingham. (2014). Evaluating the influence of candidate terrestrial 


16 


www.ijeas.org 


A Chronological review on application of MARXAN tool for systematic conservation planning in landscape 


protected areas on coral reef condition in Fiji.Marine Policy. 44: 
360-365. 

[67] Milen Duarte , Pablo C. Guerrero, Gaston Carvallo, Ramiro O. 
Bustamante. (2014). Conservation network design for endemic cacti 
under taxonomic uncertainty. Biological Conservation. 176: 236-242. 

[68] Morena Mills , Jorge G. Alvarez-Romero, Ken Vance-Borland, 
Philippa Cohen, Robert L. Pressey, Angela M. Guerrero, Henrik 
Emstson. (2014).Linking regional planning and local action: Towards 
using social network analysis in systematic conservation planning. 
Biological Conservation. 169: 6-13 

[69] Hong-Xiang Zhang, Ming-Li Zhang. (2014). Insight into distribution 
patterns and conservation planning in relation to woody species 
diversity in Xinjiang, arid northwestern China. Biological 
Conservation. 177: 165-173 

[70] Ramiro D. Crego ,Karl A. Didier , Clayton K. Nielsen. (2014). 
Modeling meadow distribution for conservation action in arid and 
semi-arid Patagonia, Argentina. Journal of Arid Environments. 102: 
68-75 

[71] Walter Jetz, Gavin H. Thomas, Jeffrey B. Joy, David W. Redding, 
Klaas Hartmann, Arne O. Mooers. (2014). Global Distribution and 
Conservation of Evolutionary Distinctness in Birds. Current Biology, 
24(9):919-930. 

[72] Jessica Junker , Christophe Boesch, Theo Freeman, Roger Mundry, 
Colleen Stephens, Hjalmar S. Kiihl. (2015). Integrating wildlife 
conservation with conflicting economic land-use goals in a West 
African biodiversity hotspot. Basic and Applied Ecology. In Press, 
Corrected Proof 

[73] Antonio Jesus Mendoza-Fernandez , Francisco Javier Perez-Garcfa , 
Fabian Martfnez-Hernandez , Esteban Salmeron-Sanchez , Jose 
Miguel Medina-Cazorla , Juan Antonio Garrido-Becerra , Maria Isabel 
Martfnez-Nieto , Maria Encama Merlo , Juan Francisco Mota. (2015). 
Areas of endemism and threatened flora in a Mediterranean hotspot: 
Southern Spain. Journal for Nature Conservation. 23: 35^44 

[74] Shoji Naoe, Naoki Katayama, Tatsuya Amano, Munemitsu Akasaka, 
Takehisa Yamakita, Mutsuyuki Ueta, Misako Matsuba, Tadashi 
Miyashita. (2015). Identifying priority areas for national-level 
conservation to achieve Aichi Target 11: A case study of using 
terrestrial birds breeding in Japan. Journal for Nature Conservation. 
24: 101-108. 

[75] Andres Lira-Noriega, Veronica Aguilar, Jesus Alarcon, Melanie Kolb 
, Tania Urquiza-Haas , Laura Gonzalez-Ramfrez, Wolke Tobon , 
Patricia Koleff. (2015). Conservation planning for freshwater 
ecosystems in Mexico. Biological Conservation. 191: 357-366. 

[76] Matthew J. Struebig, Andreas Wilting , David L.A. Gaveau, Erik 
Meijaard, Robert J. Smith, The Borneo Mammal Distribution 
Consortium, Tajuddin Abdullah, Nicola Abram, Raymond Alfred, 
Marc Ancrenaz, Dave M. Augeri, Jerrold L. Belant, Henry Bernard, 
Mark Bezuijen, Arjan Boonman, Ramesh Boonratana, Tjalle Boorsma, 
Christine Breitenmoser-Wiirsten, Jedediah Brodie, Susan M. Cheyne, 
Carolyn Devens, J. Will Duckworth, Nicole Duplaix, James Eaton, 
Charles Francis, Gabriella Fredriksson, Anthony J. Giordano, 
Catherine Gonner, Jon Hall, Mark E. Harrison, Andrew J. Hearn, Ilja 
Heckmann, Matt Heydon, Heribert Hofer, Jason Hon, Simon Husson, 
Faisal Ali Anwarali Khan, Tigga Kingston, Danielle Kreb, Martjan 
Lammertink, David Lane, Felicia Lasmana, Lim Boo Liat, 
Norman T-L. Lim, Jana Lindenborn, Brent Loken, David W. 
Macdonald, Andrew J. Marshall, Ibnu Maryanto, John Mathai, 
William J. McShea, Azlan Mohamed, Miyabi Nakabayashi, Yoshihiro 
Nakashima, Jurgen Niedballa, Sephy Noerfahmy, Sophie Persey, 
Amanda Peter, Sander Pieterse, John D. Pilgrim, Edward Pollard, 
Surya Purnama, Andjar Rafiastanto, Vanessa Reinfelder, Christine 
Reusch, Craig Robson, Joanna Ross, Rustam Rustam, Lili Sadikin, 
Hiromitsu Samejima, Eddy Santosa, Iman Sapari, Hiroshi Sasaki, 
Anne K. Scharf, Gono Semiadi, Chris R. Shepherd, Rachel Sykes, Tim 
van Berkel, Konstans Wells, Ben Wielstra, Anna Wong, Manuela 
Fischer, Kristian Metcalfe, Stephanie Kramer-Schadt. (2015). 
Targeted Conservation to Safeguard a Biodiversity Hotspot from 
Climate and Land-Cover Change. Current Biology, 25(3): 372—378 

[77] Matthias Schroter, Roy P. Remme. (2015). spatial prioritisation for 
conserving ecosystem services: comparing hotspots with heuristic 
optimisation. Landscape Ecology. First online 



Sorour Esfandeh received the B.Sc. degree from 
University of Tehran, Iran in Environmental 
engineering in 2013. Currently, she is a M.Sc. student 
at University of Tehran, Iran in Environmental 
engineering. Her research interests are in the area of 
Systematic conservation planning, wetlands and 
application of intelligence systems in environmental 
science. 



Mohammad Kaboli is an Associate 
Professor in Wildlife Ecology and Management at 
Faculty of natural resources of University of Tehran, 
Iran. His research interests are in the Wildlife 
Ecology, Management and Conservation. 


17 


www.ijeas.org 


